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(54) Semiconductor device with a heat sink and method of producing the heat sink 



(57) A semiconductor device (3) with a convex heat 
sink (4A) comprises: a semiconductor element (3) dis- 
posed within a space formed by leads of a lead frame 
(1), the semiconductor element (3) having bonding pads 
connected to the leads through wires (5) respectively; a 
convex heat sink (4A) made from a high heat-conduc- 
tive material and formed so as to have an outer periph- 
ery of a size sufficiently large to overlap the leads (1), 
the semiconductor element (3) being disposed at a 
center portion of the heat sink (4A); an insulator (2 A) 
disposed on the leads (1) and for bonding and fixing the 



semiconductor element (3) to the heat sink (4A); and a 
package of resin (6) for sealing except part of the leads 
(1) and the top surface of a projecting portion of the heat 
sink (4A); wherein the insulator (2A) has a shape like a 
tape so as to cover part of the leads (1) and extend 
along a bottom surface near a circumferential edge of 
the heat sink (4A), and the side surface of the projecting 
portion of the heat sink (4A) is scraped out into a curved 
surface. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

The present invention relates to a semiconductor 
device with a heat sink and a method of producing the 
heat sink, and particularly to a semiconductor device 
with a heat sink and a method of producing the heat 
sink, in which the heat radiating surface of the heat sink 
of the convex type (Q) as a heat radiator is exposed to 
improve the heat radiation property and reliability of the 
device. 

Description of the Prior Art 

Recently, with the increase of power consumption 
of a device such as a high integrated CMOS LSI, a 
demand for a low-cost and low-heat-resistant plastic 
package has become stronger and stronger. As a coun- 
termeasure to this, from the viewpoint of material, a 
method of making a lead frame or sealing resin have a 
high heat conductivity has been proposed, and from the 
viewpoint of structure, a method of changing the design 
of a lead frame or adding a heat sink, that is, a heat radi- 
ator has been inspected or has been put into practice. 

Though the description of advantages, disadvan- 
tages and features of these methods is given away to 
special books, the method of adding a heat sink to 
reduce the heat resistance of a package can be 
regarded as the most orthodox countermeasure for 
LSIs of power consumption up to about 2W per chip in 
view of the present situation including the near future 
one. 

FIG. 14 is a main portion sectional view schemati- 
cally illustrating a package structure of a conventional 
semiconductor device with a heat sink of a partially 
exposed heat radiator type. In FIG. 14, the reference 
numeral 1 represents each of leads of a lead frame. A 
number of leads 1 are arranged so that a quadrangular 
space portion is formed in the center surrounded by the 
forward end portions of the respective leads 1. A heat 
sink 4 constituted by a convex body of high heat-con- 
ductive metal such as oxygen-free copper (the structure 
of which will be described later more in detail) is bonded 
and fixed, at a circumferential portion of its bottom, onto 
the leads 1 through an insulating plate 2 such as a poly- 
imide plate. A semiconductor chip (semiconductor ele- 
ment) 3 is attached onto the bottom center portion of the 
heat sink 4 at a position within the above-mentioned 
space portion by a bonding agent or the like. Bonding 
pads (not shown) of the semiconductor chip 3 are con- 
nected to the corresponding leads 1 through wires 5 
respectively. 

In the above-mentioned manner, the semiconduc- 
tor chip 3 connected to the leads 1 and mounted on the 
position within the above-mentioned space portion is 
sealed with sealing plastic such as epoxy resin, except 



part (for example, outside portions) of the respective 
leads 1 and part (for example, the top surface 6f a pro- 
jecting portion) of the heat sink 4, so as to form a pack- 
age 6. The respective portions of the leads 1 projecting 
out of the package 6 are bent into predetermined 
shapes so as to form terminals of the device. Thus, the 
formation of a semiconductor device with a heat sink is 
completed. 

With the above-mentioned configuration, heat gen- 
erated from the semiconductor chip 3 in use reaches 
the top surface of the above-mentioned projecting por- 
tion of the heat sink 4 effectively through the body of the 
heat sink 4 which is a low heat-resistant (high heat-con- 
ductive) body. Thus, the heat is radiated by air cooling to 
the outside from the top surface of the projecting portion 
of the heat sink 4. 

FIG. 15 is an enlarged sectional view of the heat 
sink illustrated in FIG. 14. A conventional convex heat 
sink 4 is produced by cutting and rolling in combination. 
Therefore, even if production is made so that a perfect 
convex body having a convex portion (that is, projecting 
portion) which has vertical side surfaces should be 
obtained as the convex body illustrated in FIG. 14, the 
body produced in practice has rounded or curved cor- 
ner portions or irregular cut burrs because of working 
strain or working defect in cutting or rolling respectively 
as shown in portions A and B in FIG. 15. Although the 
cutting burrs can be removed in the following process, it 
is general to use the heat sink with the curved corners 
left as they are. 

In such a conventional semiconductor device with a 
heat sink and a conventional method of producing such 
a heat sink, particularly because the heat sink is pro- 
duced by machining, it is difficult to obtain proper flat- 
ness and parallelism of a top surface of a projecting 
portion of the heat sink, so that the edge corner sur- 
faces of the projecting portion of the heat sink are 
curved. Therefore, the top surface of the projecting por- 
tion near these edge corner surfaces is inclined like a 
gentle descent, and in the case where the curvature of 
the curved surface of an upper portion of a side portion 
is too large, the above-mentioned inclined portion is 
involved in resin at the time of sealing with the resin so 
that the resin is put thereon. Accordingly, there has 
been a problem that separation occurs at the boundary 
between the sealing resin and the heat sink to thereby 
make the reliability of a semiconductor device of this 
type deteriorate. 

In addition, also from the viewpoint of macrostruc- 
ture, a conventional heat sink has a problem that the 
adhesive property of the heat sink with the sealing resin 
becomes low so that troubles caused by this reduction 
in adhesion reduce the reliability of a semiconductor 
device. 

Further, there have been problems that not only it is 
difficult for a bonding machine to automatically recog- 
nize leads of a lead frame, because the surface of a 
heat sink has a reflectivity similar to that of the leads, in 
producing a device, particularly at the time of wire bond- 
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ing, but also the quality of bonding is not stable because 
an insulating plate is elastic enough so that it is strained. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
solve the foregoing problems so as to provide a semi- 
conductor device with a heat sink of a partially exposed 
heat radiator type in which stable and high reliable wire 
bonding can be attained at the time of packaging of the 
semiconductor device and which can be produced with 
a low cost and has a high heat radiation property, and 
so as to provide a method of producing such a heat 
sink. 

These objects are achieved with a semiconductor 
device as claimed in claim 1 and a method as claimed in 
claims 17 and 18. respectively. 

Specific embodiments of the invention are subject- 
matter of the dependent claims. 

The insulator preferably has a tape-like shape 
which covers part of the leads and extends along the 
periphery of the bottom surface of the heat sink contact- 
ing the outer circumferential edge of the bottom surface, 
and the heat sink has preferably such a shape that the 
side surface of the projecting portion of the heat sink is 
scraped out so as to be a curved surface so that the 
area of the top surface of the projecting portion is larger 
than the minimum cross-sectional area of the projecting 
portion. 

In this case, preferably, the high heat-conductive 
material is copper, aluminum, silver, or gold, or an alloy 
of any two or more of the above metal elements. Partic- 
ularly from the viewpoint of economics, it is preferable to 
use copper. 

Such a structure that the side of the projecting por- 
tion of the heat sink is scraped out so as to be a curved 
surface so that at least the minimum cross-sectional 
area in the projecting portion is smaller than the area of 
the top surface of the projecting portion is preferably 
produced by wet-type etching. The surface roughness 
of the projecting portion of the heat sink is no more than 
30 fim, and the deviation from parallelism between the 
top surface and the bottom surface of the projecting por- 
tion is no more than 30 \im. This deviation is defined as 
the distance between an arbitrary first point of said top 
surface and a corresponding second point of that one of 
planes precisely parallel to said bottom surface that has 
a maximum of points in common with said top surface, 
the first point and the second point being on the same 
line normal to said bottom surface. The values of the 
surface roughness mentioned in this text, unless other- 
wise specified, refer to the maximum height Rmax as 
defined in JIS B 0601-1982. 

Further, preferably, the heat sink has, on its surface, 
a dark color surface treatment layer obtained by alkaline 
oxidation treatment 

Preferably, the base of the heat sink has a quadran- 
gular shape in cross section, and has a plurality of 
through holes formed symmetrically in in the of the con- 



vex heat sink at positions other than that of the project- 
ing portion so as to penetrate the base in the direction 
of thickness thereof. The respective shapes of the top 
and bottom surfaces of the heat sink may be different 
5 from each other. Particularly, for example, the shape, for 
example, substantially quadrangular shape, of the top 
surface of the projecting portion may lack corner por- 
tions. 

Further, a silver-plated surface having an area 

10 larger than the chip area of the semiconductor element 
may be provided in the position of the bottom surface of 
the heat sink where the semiconductor element will be 
f ixedly mounted. 

The top surface of the projecting portion of the heat 

75 sink may be subject to solder plating treatment after 
resin packaging. 

In the method according to the present invention 
small resist films (that is, the first resist films) each hav- 
ing an area identical with the area of the top surface of 

20 each projecting portion are arranged at predetermined 
intervals on the one surface of plate-like element having 
a thickness equal to the thickness of each of the heat 
sinks to be formed, and large resist films (that is, the 
second resist films) each having an area identical with 

25 the area of the bottom surface of each of the heat sinks 
are arranged at predetermined intervals on the other 
surface of the plate-like element at positions corre- 
sponding to the small resist films. Then, wet-type etch- 
ing is conducted from the one and the other surfaces of 

30 the plate-like element with the small and large resist 
films as masks to thereby form the individual convex 
bodies with resist films, and then the small and large 
resist films of the individual convex elements are 
removed to thereby form the individual convex heat 

35 sinks. 

Alternatively, a second resist film is formed over the 
whole of the other surface of the plate-like element. 
Then, wet-type etching is conducted from the one sur- 
face of the element to a predetermined depth with the 

40 first resist films as serving masks to thereby form the 
connected convex bodies of the material with the 
respective resist films, and then the connected convex 
bodies of the material are equidivided at the etched por- 
tions after removal of the resist films to thereby form the 

45 individual convex heat sinks. 

Preferably, in the above-mentioned two methods, 
oxygen free copper is used as the material, and an etch- 
ing liquid of iron (II) chloride is used in the wet-type etch- 
ing. 

so ft is preferable that, before the large resist film is 
formed, silver-plated surfaces are formed in the posi- 
tions of the heat sinks where the semiconductor ele- 
ments will be bonded and fixed. 

ft is convenient that, before the resist film is formed 

55 over the whole of the other surface of the material, sil- 
ver-plated surfaces are formed in the positions of the 
heat sinks where the semiconductor elements will be 
bonded and f ixed. 
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According to the present invention, in a semicon- 
ductor device in which a semiconductor element is pro- 
vided in a center space portion of a lead frame, bonding 
pads of the semiconductor element are connected to 
inner leads of the lead frame through wires such as gold 
wires before sealing with resin or the like, and a high 
heat-conductive convex heat sink of, such as, copper is 
used in place of an ordinary die pad so that a part of the 
heat sink is exposed to the outside of the semiconductor 
device, the heat sink has such a structure that the heat 
sink is shaped to be convex, and the side of the project- 
ing portion thereof is scraped out so that sealing resin is 
stored in the scraped portion of the heat sink to thereby 
improve the adhesive property and stiffness of the seal- 
ing resin. 

In addition, dark color surface treatment such as 
blackening treatment is conducted onto the surface of 
the heat sink. Accordingly, at the time of wire bonding, a 
bonding apparatus can recognize the leads easily to 
make the wire bonding stable. With the blackening treat- 
ment, the adhesive property of the sealing resin to the 
heat sink is improved to increase the reliability of the 
semiconductor device. 

In addition, through holes are provided in the heat 
sink except the exposed top surface of the projecting 
portion. Accordingly, the sealing resin is put into the 
through holes, so that the upper and lower sealing resin 
portions sandwiching the lead frame therebetween are 
connected to each other through these holes to improve 
the adhesive property of the heat sink resin to thereby 
make it possible to obtain a package superior in reliabil- 
ity. 

in addition, in the case where a silver-plated sur- 
face having an area larger than the chip area of the 
semiconductor element is provided in the position of the 
bottom surface of the heat sink where the semiconduc- 
tor element will be fixedly mounted, it is possible to con- 
duct the wire bonding through this silver-plated surface 
in various modifications. 

Further, if the top surface of the projecting portion is 
subjected to solder plating treatment after packaging, it 
is useful to prevent corrosion of the semiconductor 
device. 

In addition, the convex shape of the heat sink is 
formed by etching. Accordingly, no mechanical stress is 
given to the heat sink, so that the quality of the heat sink 
and the package using the heat sink is made to be sta- 
ble. 

In addition, by the production through the etching, it 
is made possible to realize a heat sink in which the sur- 
face roughness of the projecting portion is made to be 
no more than 30 *im, and the deviation from the parallel- 
ism between the top surface of the projecting portion 
and the bottom surface of the heat sink is made to be no 
more than 30 fun. Accordingly, it is possible to prevent 
the exposed surface of the heat sink from being involved 
in the sealing resin. 
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FIG.2B 



FIG. 3 



FIG. 4 



FIG. 5 



45 FIG. 6A, 6B and 6C 



FIG. 7 A, 7B, 7C and 7D 



shows a main portion sec- 
tional view illustrating an 
embodiment of the semicon- 
ductor device with a heat sink 
according to the present 
invention, 

shows a schematic sectional 
view illustrating an embodi- 
ment of the heat sink accord- 
ing to the present invention; 

shows a main portion sec- 
tional view of the heat sink 
according to the present 
invention, the surface of 
which is subjected to dark 
color treatment such as black- 
ening treatment 

shows a main portion bottom 
plan view of a semiconductor 
device (unpackaged) with a 
heat sink which is subjected 
to dark color treatment; 

is a sectional view illustrating 
an example of wire bonding of 
the semiconductor device of 
FIG. 1Aand1B; 

is a sectional view illustrating 
the state when the wire bond- 
ing of FIG. 3 is finished; 

is a main portion bottom plan 
view of the semiconductor 
device (unpackaged) with a 
heat sink according to the 
present invention, and having 
through holes; 

show views showing in sec- 
tion various steps in an 
embodiment of the method of 
producing, only by etching, 
heat sinks according to the 
present invention; 

show views showing in sec- 
tion various steps (a) through 
(d) in another embodiment of 
the method of producing, by 
etching and pressing, heat 
sinks according to the present 
invention; 
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FIG. 8 



FIG. 9 



FIG. 9B 



FIG. 10A 



FIG.10B 



FIG. 11A 



FIG.11B 



FIG. 12A 



FIG.12B 



FIG. 13 



is a sectional view illustrating 
the state of a first step in pro- 
ducing heat sinks having sil- 
ver-plated surfaces according 
to the present invention; 

shows a sectional view illus- 
trating the state of the device 
before packaging which uses 
a heat sink having a silver- 
plated surface according to 
the present invention, 

shows an explanatory plan 
view (b) of the same; 

shows a sectional view illus- 
trating the state of another 
embodiment of the device 
before packaging which is 
formed by use of a heat sink 
having a silver-plated surface 
according to the present 
invention, 

shows a plan view of the 
same; 
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25 



shows a sectional view illus- 
trating the state of a further 30 
embodiment of the device 
before packaging which is 
formed by use of a heat sink 
having a silver-plated surface 
according to the present ss 
invention, 



shows a plan view of the 
same; 

shows a sectional view illus- 
trating the state of a still fur- 
ther embodiment of the 
device before packaging 
which is formed by use of a 
heat sink having a silver- 
plated surface according to 
the present invention, 

shows a plan view of the 
same; 

is a sectional view illustrating 
another embodiment of the 
semiconductor device with a 
heat sink according to the 
present invention; 
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FIG. 15 



8 

is a main portion sectional 
view illustrating a conven- 
tional semiconductor device 
of a exposed radiator type; 

is a schematic sectional view 
illustrating a conventional 
convex heat sink. 

is a sectional view of the 
package according to the 
present invention, and 

is an explanatory view show- 
ing an embodiment of the 
state of provision of the insu- 
lator of this package. 



DETAILED DESCRIPTION OF THE PREFERRED 
20 EMBODIMENTS 

Embodiment 1 



w FIG. 16A 



FIG. 16B 



FIG. 1 A and 1 B typically show a main portion of an 
embodiment of a semiconductor device with a heat sink 
according to the present invention. FIG. 1A is a sec- 
tional view of the device, and FIG. 1B shows a main por- 
tion sectional view of the heat sink used in the FIG.1 A 

First, in FIG. 1A, the reference numeral 1 repre- 
sents leads of a lead frame, and 4a represents an con- 
vex heat sink made from a high heat-conductive 
material such as oxygen-free copper or the like. The 
heat sink 4a is bonded and fixed at its circumferential 
portion to the leads 1 through an insulating tape 2a such 
as polyimide. The reference numeral 3 represents a 
semiconductor chip attached onto the heat sink 4a by a 
bonding agent or the like. Bonding pads provided on the 
semiconductor chip 3 are connected to corresponding 
leads 1 through wires 5 such as gold wires or the like, 
respectively. 

In the embodiment shown (see Fig. 1 B), the convex 
heat sink 4a comprises a base 4a* and a projecting por- 
tion 4a" the projecting portion 4a" extending substan- 
tially perpendicularly from a portion of the base 4a\ The 
side of the base 4a ( opposite to the projecting portion 
4a" defines the bottom surface of the heat sink to which 
the semiconductor chip 3 is attached. 

The semiconductor chip 3 connected to the leads 1 
in the above-mentioned manner is sealed with plastics 
such as epoxy resin, except part of the leads 1 and the 
top surface of the projecting portion of the heat sink 4a 
so that a semiconductor device with a package 6 is 
formed. The portions of the leads 1 projecting out of the 
package 6 are bent into a predetermined shape so as to 
form device terminals. Consequently, a semiconductor 
device with a heat sink of an exposed heat radiation 
type is completed. 

That is, the semiconductor device in the embodi- 
ment shown in F1G.1 A is a semiconductor device with a 
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heat sink which is obtained in a manner so that the heat 
sink 4a and the leads 1 are bonded and fixed through 
the insulating tape 2a, and then the assembly is sealed 
with resin or the like after the bonding pads (not-shown) 
of the semiconductor chip 3 and the inner leads are con- s 
nected through the wires 5 such as gold wires. Further, 
the semiconductor device is a semiconductor device 
with a heat sink, in which in place of a conventional die 
pad for bonding and fixing the semiconductor chip 3, the 
semiconductor chip 3 is fixed by use of a high heat-con- 1 o 
ductive heat sink made from metal or the like, the heat 
sink being mounted so that the top surface of the heat 
sink is exposed to the outside of the semiconductor 
device. 

In this case, preferably, the high heat-conductive 75 
material of the heat sink consists of a material selected 
from copper, aluminum, silver, gold, and an alloy of any 
of the above metal elements. Particularly from the view- 
point of economics, it is preferable to use copper. 

A convex heat sink 4a shown in FIG.1 B is formed by 20 
wet-type etching as will be described later. At that time, 
the side of the projecting portion is scraped out so that 
the condition X>Y is established between the width X of 
the top surface of the projecting portion and the width Y 
of the projecting portion at the side thereof, when the 25 
heat sink is viewed in section. 

With respect to the respective surfaces A, B and C 
of the heat sink 4a, that is, the top surface of the project- 
ing portion, the side surface of the projecting portion 
and. the bottom surface, surface roughness of each of so 
the surfaces A and C is made to be no more than 30 jim. 
The deviation from parallelism between the surfaces A 
and C is made to be no more than 30 jim. This means 
there exists a plane C which is precisely parallel to sur- 
face C wherein the distance between an arbitrary first ss 
point of surface A and a corresponding second point of 
plane C is no more than 30 jim, the first point and the 
second point being on the same line normal to surface 
C. Although it is not always necessary to make the sur- 
face B be a mirror surface, it is sufficient if the surface B ao 
is made to have a surface roughness of 50 jim. 

Embodiment 2 

FIG. 2A and 2B typically show another embodiment 4S 
of the heat sink according to the present invention, 
which include a partially sectional view in FIG.2A of a 
heat sink 4b which is obtained, for example, by treating 
the heat sink 4a used in the first embodiment so as to 
have a dark color treatment, such as blackening treat- so 
ment layer 7 over the whole surface, and a main portion 
bottom plan view in FIG.2B of a semiconductor device 
with the heat sink 4b. before packaging. 

In FIG. 2A and 2B, the reference numeral 1 repre- 
sents leads of a lead frame, and 4b represents a heat ss 
sink having a dark color treatment layer 7. The leads 1 
and the heat sink 4b are bonded and fixed through an 
insulating tape 2a such as polyimide in the same man- 
ner as in the embodiment of FIG. 1 A and 1B. The refer- 



ence numeral 3 represents a semiconductor _chip 
attached onto the heat sink 4b by a bonding agent 
Bonding pads (not-shown) provided on the semicon- 
ductor chip 3 and the corresponding leads 1 are con- 
nected through wires 5 respectively. 

The dark color treatment layer 7 provided on the 
surface of the above-mentioned heat sink 4b is obtained 
in a manner so that the heat sink 4a is immersed, for 
example, in "Ebonol" (tradename, made by MELTEX 
Inc.) (a strongly alkaline solution) for several seconds so 
that the surface of the heat sink 4 is oxidized. By project- 
ing such blackening treatment or dark color treatment 
on the surface like the heat sink 4b having the dark color 
treatment layer 7. it is possible to obtain an effect that 
not only the adhesive property of resin in packaging is 
improved and the recognition of leads by a bonding 
machine is made easy in wire bonding, but also the pre- 
vention of the surface of copper or the like, which is eas- 
ily eroded, from being deteriorated. 

One of the important features of the above-men- 
tioned Embodiments 1 and 2 is that the insulating tape 
2a is used for bonding the heat sink 4a or 4b onto the 
leads 1. The effect of the insulating tape which was 
used above will be described with reference to the sec- 
tional explanatory diagrams of FIGs. 3 and 4. 

FIG. 3 shows an example of the state of wire bond- 
ing. If the forward end portions of the respective leads 1 
are pressed down by a lead presser 1 5, the forward end 
portions of the leads 1 are brought into contact, with the 
heat sink 4a with the insulating tape 2a as a fulcrum, so 
as to be fixed thereto, because the insulating tape 2a is 
narrow like a tape. Therefore, in this state, the bonding 
of the wires 5 can be performed stably, tf the lead 
presser 15 is released to its original position after bond- 
ing, the leads 1 are restored to their original state on the 
basis of their elasticity and kept horizontally as shown in 
FIG. 4, while the leads 1 are insulated from the heat sink 
4a by the insulating tape 2a interposed therebetween 
like a spacer. 

With the insulating tape 2a used for making insula- 
tion and fixing between the heat sink 4a and the leads 1 
as described above, and with the dark color treatment 
layer 7 provided on the surface of the heat sink 4a as 
shown in Embodiment 2, the adhesive property of resin 
in packaging is improved, and a bonding machine 
becomes easy to recognize leads in wire bonding. 

Here, the state of provision of the insulating tape 2a 
will be discussed. In the case where a heat sink has a 
substantially square bottom like the heat sink 4b shown 
in FIG. 2A and 2B, the insulating tape 2a is provided 
along all the sides of the bottom (in this case four sides). 

In the case where a rectangular heat sink which is 
suitable for use for a rectangular package like a heat 
sink 4a shown in FIG. 16A and 16B, however, the length 
of the respective leads 1 generally varies in accordance 
with the sides of the bottom and it is therefore preferable 
to provide the insulating layer 2a along only the sides 
where the leads become longer (here, the shorter sides 
of the heat sink). That is, in this configuration, it is pos- 
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stole to increase the length of the leads 1 since the insu- 
lating tape 2a supports longer leads 1. Further, this 
configuration is preferable to satisfy the prior condition 
that it is better to reduce the insulator in quantity in view 
of reliability and moisture resistant property. 5 

In amplification of the above-mentioned, by use of 
such a state of provision, there arises advantages in 
that it is possible to use leads only in the two directions, 
not in the four directions, according to circumstances so 
that it is possible to provide an insulator properly in nec- 10 
essary portions. 

Although the dark color treatment layer 7 is pro- 
vided over the whole surface of the heat sink 4a in the 
above embodiments, as shown in the drawing FIG.2A, it 
is not always necessary to provide the dark color treat- is 
ment layer 7 over the whole surface of the heat sink 4a 
but. preferably, it is sufficient if the layer 7 is provided on 
the resin adhesion surface portion and semiconductor 
element mounting surface portion of the heat sink 4a. 

Although both the top and bottom surfaces of the 20 
projecting portion of the heat sink 4a or 4b are quadran- 
gular similarly as shown in the drawing FIG. 2B, it is not 
necessary to make these surfaces have such similar 
shapes. For example, the four corners of the top surface 
of the projecting portion may be curved or cut straight 2s 

Embodiment 3 

FIG. 5 is a typical explanatory diagram showing 
another embodiment of the heat sink according to the 30 
present invention. Specifically, FIG. 5 is a main portion 
bottom plan view of a semiconductor device using a 
heat sink having through holes. In FIG. 5, the reference 
numeral 1 represents leads of a lead frame, and 4c rep- 
resents a heat sink. The leads 1 and the heat sink 4c 35 
are bonded and fixed through an insulating tape 2a 
such as polyimide similarly to the abovemerrtioned 
manner. The reference numeral 3 represents a semi- 
conductor chip attached onto the heat sink 4c by a 
bonding agent. Bonding pads provided on the semicon- 40 
ductor chip 3 and the corresponding leads 1 are con- 
nected through wires 5 respectively. The reference 
numeral 8 represents through holes provided in the four 
corners of the quadrangular base of heat sink 4c, i.e. in 
portions other than the projecting portion thereof. The 45 
through holes 8 are provided at positions between the 
insulating tape 2a and forward ends of the leads 1 , and 
the number and shape of the through holes 8 are set 
desirably. 

By employing the heat sink 4c with the through so 
holes 8 in the configuration of the present invention, 
sealing resin is injected also into the through holes 8 in 
packaging, so that it is possible to improve the adhesive 
property between the sealing resin and the heat sink. At 
the same time, molding can be made stiffly in the state 65 
that the upper and lower resin portions while constitut- 
ing a package and sandwiching the leads 1 therebe- 
tween are connected with each other tightly through the 



through holes 8. Thus, there is an effect to obtain a stiff 
package 6. 

Embodiment 4 

FIG. 6A, 6B and 6C are views including step 
explanatory diagrams 6A through 6C of an embodiment 
of the method of producing heat sinks which are used in 
semiconductor devices with heat sinks according to the 
present invention. The procedure of the production will 
be described along the steps shown in the sectional 
views of FIG. 6A - 6C. 

First, in FIG. 6A, on one surface (upper surface in 
the drawing) of a metal plate 9 such as an oxygen-free 
copper plate having a thickness identical with the plate 
thickness of heat sinks to be formed, small resist films 
10 are provided with predetermined intervals in order to 
form projecting portions of the respective heat sinks. 
Then, on the other surface (lower surface in the draw- 
ing) of the plate 9, large resist films 1 1 each having an 
area identical with the area of the bottom surface of 
each of the convex heat sinks are provided with prede- 
termined intervals in the positions corresponding to the 
small resist films 10. 

Next, as shown in FIG. 6B, wet-type etching is per- 
formed from both the one and the other surfaces of the 
plate 9 by use of the large and small resist films 1 1 and 
10 as masks with an etching liquid containing, for exam- 
ple, iron (II) chloride as a main component. The etching 
is continued till the plate 9 is separated into individual 
portions divided at positions above the predetermined 
intervals of the large resist films 1 1 so that individual 
convex bodies 9a with the resist films are formed. 

Further, as shown in FIG. 6C, the large and small 
resist films 1 1 and 10 adhering to the respective convex 
bodies 9a are eliminated in an ordinary manner so that 
individual convex heat sinks 4a are obtained. 

As is apparent from the above description, this 
embodiment shows a method of producing heat sinks 
only by etching. Since the process of this embodiment is 
carried out. the upper and lower side surfaces are 
etched so as to be undercut to produce a shape 
scraped curvediy. Therefore, such projecting portions 
satisfying the condition of X>Y as described above with 
respect to the diagram of FIG. 1 B can be obtained. The 
upper and lower surfaces of the plate are masked so as 
not to be etched so that a surface roughness no more 
than 30 \im is attained on the respective surfaces A and 
C among the surfaces A. B and C (refer to the diagram 
of FIG. 1 B of the heat sink 4a, that is, the top surface of 
the projecting portion, the side surface of the projecting 
portion, and the bottom surface of the heat sink). The 
deviation from parallelism (as defined above) between 
the surfaces A and C is also kept to be no more than 30 
jim. In addition, it is ensured that the surface B is formed 
with a surface roughness of about 50 |im. 
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Embodiment 5 

FIG. 7A, 7B, 7C and 7D are views including step 
explanatory diagrams FIG. 7A to FIG. 7D showing 
another embodiment of the method of producing heat s 
sinks according to the present invention. The procedure 
of the production will be described along the step sec- 
tional views FIG. 7A - 7D. 

First, as shown in FIG. 7A, on one surface of a plate 

9 such as an oxygen-free copper plate having a thick- 10 
ness identical with the plate thickness of each of heat 
sinks to be formed, small resist films 10 are provided 
with predetermined intervals in order to form the pro- 
jecting portions of the heat sinks. Then, a resist film 12 

is formed over the whole surface of the other surface of 15 
the plate 9. 

Next, as shown in FIG. 7B, wet-type etching is per- 
formed in the same manner as mentioned above on the 
one surface of the plate 9 by use of the small resist films 

10 as masks. The etching is continued, for example, up 20 
to half the thickness of the plate 9 so as to form convex 
portions 9b with the resist films, the convex portions 9b 
being connected to each other while having individual 
projecting portions respectively 

Further, as shown in FIG. 7C, the small resist films ss 
10 and the resist film 12 are removed from the convex 
bodies 9b. Then, as shown in FIG.7D, the continuous 
body of the convex portions 9b is divided uniformly at 
the etched portions by pressing or machining such as 
cutting or the like so that individual convex heat sinks 4a 30 
are obtained. At this time, the pressing may be per- 
formed from either the one surface where the projecting 
portions are formed or the other surface of the body. 

As described above, in the heat sink producing 
method in this embodiment, both the wet-type etching 35 
and machining are used in combination. In this case, 
however, etching is performed from only one surface 
side, so that there is a feature that K is possible to desir- 
ably establish the depth of etching, that is, the height of 
the projecting portions. 40 

This point can be regarded as a contrastive advan- 
tage in comparison with the case of Embodiment 4 
where, since etching is performed from the opposite 
surfaces, checking before the step of etching is required 
so as to adjust the respective intervals of upper and 45 
lower masks in order to establish the height of each pro- 
jecting portion to be a predetermined value. 

The other features and effects with respect to the 
shape, accuracy, and so on, of the heat sinks to be 
formed are the same as those which were described in so 
Embodiment 4. 

Embodiment 6 

As modifications of the method of producing heat ss 
sinks which were described in the above Embodiments 
4 and 5. further embodiments of a heat sink have a sil- 
ver (Ag) plated surface in the position to which a semi- 
conductor chip is to be attached. The embodiment and 



the structure and effects thereof will be described 
below. 

FIG. 8 is a sectional view illustrating the state of a 
first stage (stage corresponding to the step of the draw- 
ing FIG. 6A) in producing heat sinks having silver-plated 
surfaces respectively. As shown in the drawing, before 
large resist films 1 1 are formed on a plate 9 in predeter- 
mined positions thereof, first, silver-plated surfaces 13 
each having a predetermined area are formed on the 
plate 9 at positions where semiconductor chips 3 are to 
be attached on the respective heat sinks which will be 
formed later. Preferably, it is general to set this predeter- 
mined area to be larger than, for example, to be 4 to 9 
times as large as, the area occupied by each semicon- 
ductor chip 3. 

After the silver-plated surfaces 13 are formed, the 
large resist films 1 1 are formed on one surface, that is, 
on this silver-plated surface side, of the plate 9, and, on 
the other hand, small resist films 10 are formed on the 
other surface opposite to the silver-plated surface side. 
Then, after wet-type etching is performed in the same 
manner as in the formation method of Embodiment 4, 
the resist films are removed so that heat sinks 4a having 
the silver-plated surfaces 13 respectively, according to 
the present invention are obtained. Then, the heat sinks 
4a having the silver-plated surfaces 13 respectively are 
subjected to dark color treatment by application of the 
method described in the embodiment of FIG. 2 so as to 
obtain heat sinks 4b each having a dark color treatment 
layer 7 on the surface other than the silver-plated sur- 
face 13. Since the silver-plated surface cannot be sub- 
jected to dark color treatment it is easy to form such a 
heat sink 4b having a silver-plated surface 13. 

FIG. 9A is a sectional view illustrating the state, 
before packaging, of an embodiment of a device formed 
by using such a heat sink having a silver-plated surface, 
and FIG. 9B is a plan view of the same. In the diagrams 
of FIG.9A and 9B, the reference numeral 13 represents 
a silver-plated surface formed at and around the posi- 
tion of a heat sink 4b to which a semiconductor chip 3 is 
to be attached. The other configuration except wires 5a 
is the same as that of the semiconductor device shown 
in the embodiment of FIG. 1 A or the like. 

The device of this embodiment has a feature in that 
wires 5a led out from some bonding pads provided for 
grounding in the semiconductor chip 3 are connected to 
the silver-plated surface 13 directly so that the silver- 
plated surface 13 can be commonly used for grounding 
and the leads can be used for other purposes corre- 
spondingly. 

In this embodiment, description was made as to an 
example of wire connection in the case of a heat sink 4b 
having a silver-plated surface 13 and being subjected to 
formation of a dark color treatment layer 7. It is a matter 
of course that the same effects of the silver-plated sur- 
face can be obtained, for example, even in the case of 
use of a heat sink 4a provided with a silver-plated sur- 
face 13 while provided with no dark color treatment 
layer 7. 
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Embodiment 7 

FIG. 1 0A is a sectional view illustrating the state, 
before packaging, of another embodiment of a semicon- 
ductor device formed by using such a heat sink having a s 
silver-plated surface, and FIG.10B is a plan view of the 
same. In FIGs. 10A and 10B, the reference numeral 13 
represents a silver-plated surface formed on the surface 
of a heat sink 4b at and around a position on which a 
semiconductor chip 3 is to be attached. Except wires io 
5b, the configuration is the same as the device of the 
embodiment of FIG. 9 and so on. 

In this embodiment, wires 5b are for direct connec- 
tion from the silver-plated surface 13 (heat sink 4b) to a 
small number of leads 1, while wires 5a are for direct is 
connection from a plurality of grounding pads of the 
semiconductor chip 3 to the silver-plated surface 13 in 
the same manner as in the case of FIG. 9. 

Owing to this wire connection configuration using 
such a silver-plated surface 1 3, not only the wires 5a led 20 
out from some bonding pads provided for grounding on 
the semiconductor chip 3 can be connected directly to 
the silver-plated surface 13 so that the leads 1 may be 
used for other purposes correspondingly, but also for 
example bonding is made from a plurality of grounding 25 
pads on the semiconductor chip 3 to the surface of the 
heat sink 4b and from the heat sink to a small number of 
leads 1 so that it is possible to obtain advantages in that 
the grounding potential is stable and numbers of 
grounding points are obtained by means of a small 30 
number of leads. In FIG. 10A, the illustration of ordinary 
bonding wires 5 is omitted. 

FIG. 11 A is a sectional view showing the state, 
before packaging, of another embodiment of the device 
formed by using a heat sink having a silver-plated sur- 35 
face, and FIG. 1 1 B is a plan view of the same. In FIGs. 
1 1 A and 1 1 B, the reference numeral 13 represents a sil- 
ver-plated surface formed on the surface of a heat sink 
4b at and around a position on which a semiconductor 
chip 3 is to be attached. Except the state of wire bond- ao 
ing, the configuration is the same as the device of the 
embodiment of FIG. 10, and so on. 

In the configuration of FIGs. 1 1 A and 1 1 B, bonding 
is made from the grounding leads 1 to the silver-plated 
surface 1 3 of the heat sink 4b through wires 5b and to a 45 
plurality of grounding pads of the semiconductor chip 3 
through wires 5. The sequence of the connection is 
such that, in comparison between the grounding pads 
and the silver-plated surface, connection is made first 
from the leads to the silver-plated surface 13 which is so 
near the leads, and connection is then made from the 
leads to the grounding pads which are far from the 
leads. 

In this configuration, there is an advantage that the 
potential of the rear surface of the semiconductor chip 3 ss 
can be agreed with the potential of the ground, and the 
quality of bonding is superior in comparison with the 
device of the embodiment of FIG. 10 because, for exam- 



ple, the bending deformation of the wires 5 at their 
upper portions is gentle. 

Further, FIG. 12A is a sectional view showing the 
state, before packaging, of a further embodiment of the 
device formed by using a heat sink having a silver- 
plated surface, and FIG. 12B is a plan view of the same. 
In FIGs. 12A and 12B, the reference numeral 13 repre- 
sents a silver-plated surface formed on the surface of a 
heat sink 4b at and around a position on which a semi- 
conductor chip 3 is to be attached. Except the state of 
wire bonding, the configuration is the same as the 
device of the embodiments of Figs. 10 and 11, and so 
on. 

In this configuration, the methods of connection of 
the wires 5a and 5b through the silver-plated surface 13 
shown in FIGs. 1 1 and 12 are used in combination. That 
is, wires 5a for connection between the grounding pads 
of the semiconductor chip 3 and the heat sink and wires 
5b for connection between a small number of leads and 
the heat sink are combined suitably so as to generate 
an advantage that a preferable embodiment of ground- 
ing connection can be obtained. 

Embodiment 8 

FIG. 13 is a sectional view illustrating another 
embodiment of a semiconductor device with a heat sink 
according to the present invention. Main conf iguration of 
the device of this embodiment is almost the same as 
that of the device of the embodiment of FIG. 1A. The 
device of FIG. 13 has a feature in that a solder-plated 
layer 14 is provided on the top surface of a projecting 
portion which constitutes an exposed portion of a heat 
sink 4a. 

That is, omitted in the above description, such sol- 
der plating 14a as illustrated is conventionally given to 
leads 1 at portions which are made external terminals in 
this kind of semiconductor device, for the sake of con- 
venience in practical mounting. The above-mentioned 
solder-plated layer 14 is formed simultaneously with for- 
mation of the solder plating 14a in the same step. 

By adding this solder-plated layer 14, it is possible 
to obtain an effect to improve the prevention of a heat 
sink from being eroded, for example, in comparison with 
the case where this surface is coated with such a dark 
color treatment layer 7 as described in the embodiment 
of FIG. 2. Further, it is also possible to obtain such an 
effect in practical use that it is convenient on working 
such as soldering or the like in the case of applying 
potential (including a grounding potential) to a heat sink 
which is insulated electrically. 

As has been described above, according to the 
present invention, in a semiconductor device with a heat 
sink in which one end surface of a heat sink made from 
such as metal having a high heat-conductivity is 
exposed, the heat sink is shaped into a convex or 
reversed T shape in cross-section having a projecting 
portion which is scraped out so that the condition X>Y is 
established between the top surface width X of the pro- 
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jecting portion and the minimum width Y at the side sur- 
face portion of the projecting portion. Accordingly, the 
adhesive property of sealing resin to the heat sink is 
improved, so that the reliability of this kind of semicon- 
ductor device is improved. 5 

Among the respective surfaces of the convex heat 
sink, that is, among the top surface (surface A) of the 
projecting portion, the side surface (surface B) of the 
projecting portion, and the bottom surface (surface C), 
the surface roughness of the surfaces A and C is made io 
to be no more than 30 p,m. Further, the deviation from 
the parallelism between the surfaces A and C is made to 
be no more than 30 \im. Although it is not always neces- 
sary to make the surface B be a mirror surface, if the 
surface B is made to have a surface roughness of about is 
50 jim, the surface of the projecting portion is prevented 
from being involved in sealing resin and coated there- 
with. Accordingly, it is possible to ensure an exposed 
surface of a heat sink which is stable and beautiful with 
no resin separated therefrom. It is also possible to keep 20 
stable quality of wire bonding and to ensure the adhe- 
sive property of sealing resin. 

Further, since a narrow insulating tape is used for 
bonding a heat sink to leads of a lead frame, the forward 
end portions of the respective leads abut against the 2s 
heat sink with the insulating tape as a fulcrum so that 
the leads are fixed stiffly. Accordingly, it is possible to 
perform stable bonding of wires in this state. 

Further, in accordance with the state of provision of 
the insulator, not only the length of the leads can be so 
increased but also the quantity of the insulator can be 
reduced, for example, by providing the insulator along 
not all the sides of the bottom of the heat sink but along 
only a pair of opposite sides of the bottom, so that there 
arises an effect that the semiconductor device can be ss 
improved in its reliability and moisture resistant prop- 
erty. 

Since the surface of a heat sink is subjected to dark 
color treatment such as blackening treatment, the rec- 
ognition of leads in wire bonding is made stable, so that 40 
not only the quality of the bonding is improved, but also 
the adhesive property of sealing resin to the heat sink is 
improved. 

With a heat sink having through holes, sealing resin 
is injected into the through holes so that upper and 45 
lower resins which constitute a package and which 
sandwich a lead frame therebetween communicate with 
each other tightly through the through holes and molded 
stiffly. Accordingly, there is an effect in formation of a 
stiff package. It is also possible to improve the adhesive so 
property of the sealing resin to the heat sink. 

According to the method of producing heat sinks 
according to the present invention, projecting portions 
of the heat sinks are formed by etching, so that no 
mechanical stress is given to the heat sinks and it is 55 
therefore possible to produce heat sinks which are sta- 
ble in flatness and parallelism. Heat sinks are generally 
stable in quality when they are produced by only etch- 
ing. In the case of using both etching and pressing, 



however, etching may be performed from only one sur- 
face of a raw body, so that the depth of etching can be 
easily controlled and the cost can be therefore reduced. 

Further, with this method, it is easy to form a silver- 
plated surface of a predetermined area in the position of 
a heat sink to which a semiconductor device is to be 
attached. This silver-plated surface gives a conspicuous 
effect to a wide variety of wire bonding systems in the 
vicinity of the chip to contribute to an improvement in 
performance of the device. 

Claims 

1 . A semiconductor device comprising: 

(a) a convex heat sink made from a high heat- 
conductive material and comprising a base 
defining a bottom surface, and a projecting por- 
tion projecting from said base in a direction 
opposite to said bottom surface, said projecting 
portion having a top surface whose width is 
larger than the width of said projecting portion 
at a predetermined position between said top 
surface and said base; 

(b) a lead frame arranged on the bottom sur- 
face side of said base and comprising a plural- 
ity of leads each having one end portion 
overlapping said bottom surface, the end faces 
of the end portions defining a space of said 
lead frame; 

(c) a semiconductor element mounted on said 
bottom surface within said space of the lead 
frame; 

(d) a plurality of wires for electrically connecting 
said plurality of leads to a plurality of pads pro- 
vided on said semiconductor element, respec- 
tively; 

(e) an insulator disposed between said bottom 
surface and the end portions of at least some 
of said leads so as to separate the leads from 
said heat sink by a predetermined distance and 
so as to join the leads with said bottom surface; 
and 

(f) resin for sealing said leads, said semicon- 
ductor element, said wires, said insulator and 
said heat sink except said top surface. 

2. A semiconductor device according to Claim 1, in 
which said insulator is provided along all sides of 
said bottom surface. 

3. A semiconductor device according to Claim 1, in 
which said insulator is provided along a pair of 
opposite sides of said bottom surface. 

4. A semiconductor device according to any one of the 
preceding claims, in which, in said heat sink, the 
area of said top surface of said projecting portion is 
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larger than the minimum cross-sectional area of 
said projecting portion. 

5. A semiconductor device according to any one of the 
preceding claims, in which said high heat-conduc- s 
tive material consists of copper, aluminum, silver or 
gold, or an alloy of any two or more of these metal 
elements. 

6. A semiconductor device according to any one of the io 
preceding claims, in which said projecting portion of 
said heat sink has a side surface portion the shape 
and structure of which is obtained by wet-type etch- 
ing. 

7. A semiconductor device according to any one of the 
preceding claims, in which said heat sink has a dark 
color surface treatment layer formed on its surface 
by an oxidation treatment 

20 

8. A semiconductor device according to any one of the 
preceding claims, in which the base of said heat 
sink has a quadrangular shape in cross-section, 
and has a plurality of symmetrically arranged 
through holes extending perpendicularly to the bot- 25 
tomsurfaca 

9. A semiconductor device according to any one of the 
preceding claims, in which the top surface of said 
projecting portion of said heat sink has surface 20 
roughness no more than 30 jim. 

1 0. A semiconductor device according to any one of the 
preceding claims, in which in said heat sink, devia- 
tion from parallelism between the top surface of ss 
said projecting portion and said bottom surface is 

no more than 30 urn, the deviation being defined as 
the distance between an arbitrary first point of said 
top surface and a corresponding second point of 
that one of planes precisely parallel to said bottom 40 
surface that has a maximum of points in common 
with said top surface, the first point and the second 
point being on the same line normal to said bottom 
surface. 

45 

1 1 . A semiconductor device according to any one of the 
preceding claims, in which, in said heat sink, the top 
surface of said projecting portion is different in sur- 
face shape from said bottom surface. 

so 

1 2. A semiconductor device according to any one of the 
preceding claims, in which a silver-plated surface 
larger than a chip area of said semiconductor ele- 
ment is provided in a position of said bottom sur- 
face where said semiconductor element is ss 
mounted. 

13. A semiconductor device according to Claim 12, in 
which said device comprises wires for making con- 



nection from grounding potential pads of said sem- 
iconductor element to said silver-plated surface and 
for making connection from said silver-plated sur- 
face to corresponding ones of said leads. 

14. A semiconductor device according to Claim 12, in 
which said device comprises wires for making con- 
nection from grounding potential pads of said sem- 
iconductor element to corresponding ones of said 
leads and for making connection from said silver- 
plated surface to said corresponding leads. 

1 5. A semiconductor device according to claim 1 2 com- 
prising wires for making connection from grounding 
potential pads to said silver-plated surface and for 
making connection from said grounding potential 
pads to said corresponding leads. 

1 6. A semiconductor device according to any one of the 
preceding claims, in which the top surface of said 
projecting portion of said heat sink is subjected to 
soldering treatment 

17. A method of producing at least one convex heat 
sink for at least one semiconductor device, com- 
prising the steps of: 

(a) forming first resist films selectively on one 
surface of a plate of high heat-conductive 
material in order to form at least one projecting 
portion of said at least one heat sink; 

(b) forming second resist films selectively on 
the other surface of said plate opposite to said 
one surface in order to form at least one bottom 
surface of said at least one convex heat sink; 
and 

(c) conducting etching on said plate from said 
one and the other surfaces thereof by using 
said first and second resist films as masks until 
said plate is separated into portions divided at 
positions of gaps provided between adjacent 
resist films in steps (a) and (b) to obtain said at 
least one heat sink. 

18. A method of producing at least one convex heat 
sink for at least one semiconductor device, com- 
prising the steps of: 

(a) forming first resist films selectively on one 
surface of a plate of a high heat-conductive 
material in order to form at least one projecting 
portion of said at least one heat sink; 

(b) forming a second resist film over the whole 
of the other surface of said plate opposite said 
one surface; 

(c) conducting etching on said material from 
said one surface by using said first resist films 
as masks until said at least one projecting por- 
tion is formed in a desired shape; and 
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(d) dividing said plate, by machining, at regions 
subjected to the etching to thereby obtain said 
at least one heat sink. 

19. The method according to Claim 17 or 18, in which 5 
oxygen free copper is used as the materia] of said 
plate, and an etching liquid of iron (II) chloride is 
used in said etching. 

20. The method according to Claim 17 or 18. in which 10 
before formation of said second resist film(s), at 
least one silver-plated surface is formed in the posi- 
tion on said other surface of said plate on which 
said at least one semiconductor element will be 
bonded and fixed later. is 
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